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1
SYSTEMS AND METHODS FOR
MESO-DISSECTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 15/663,653 filed on Jul. 28, 2017, which is a
continuation of International Patent Application No. PCT/
EP2016/051895 filed on Jan. 29, 2016, which application
claims the benefit of the filing date of U.S. Provisional
Patent Application No. 62/110,476 filed on Jan. 31, 2015,
the disclosures of which are each hereby incorporated by
reference herein in their entireties.

FIELD OF THE SUBJECT DISCLOSURE

The present subject disclosure relates to imaging for
medical diagnosis. More particularly, the present subject
disclosure relates to automated micro-dissection (meso-
dissection) of tissue specimens using reference images.

BACKGROUND OF THE SUBJECT
DISCLOSURE

In the analysis of biological specimens such as tissue
sections, blood, cell cultures and the like, biological speci-
mens are mounted on a slide, stained with one or more
combinations of stain and biomarkers, and the resulting
assay is viewed or imaged for further analysis. Observing
the assay enables a variety of processes, including diagnosis
of disease, assessment of response to treatment, and devel-
opment of new drugs to fight disease. An assay includes one
or more stains conjugated to an antibody that binds to
protein, protein fragments, or other objects of interest in the
specimen. Subsequent to staining, the assay may be imaged
for further analysis of the contents of the tissue specimen.
Further, an adjacent section of the tissue specimen from the
same tissue block may be mounted on a second glass slide,
henceforth referred to as a milling slide, and specific areas
of interest may be dissected for further analysis. For
instance, dissection of slide-mounted tumor samples is often
used to enrich cancer cells in order to generate better signal
to noise ratios in subsequent biochemical characterization.
Many clinical laboratories utilize manual dissection for
practical reasons and to avoid the expense and difficulties of
laser microdissection systems. Unfortunately, manual meth-
ods often lack resolution and process documentation.

Existing slide-mounted tissue meso-dissection systems
such as those manufactured by AvanSci Bio® (details at
http://avansci-bio.com/uploads/CDP-
08_MesoDissection_System_Flyer_Rev_1.pdf) provide
better precision than manual methods while also providing
digital image guidance and electronic process documenta-
tion. A meso-dissection system may comprise a micro tissue
mill that employs a specialized disposable mill bit that
simultaneously dispenses liquid, cuts tissue from the slide-
mounted tissue surface, and aspirates the liquid along with
the displaced tissue fragments. The meso-dissection instru-
ment also consists of an optical imaging system compo-
nent—with a moving x-y stage to hold the tissue slides
where one of the tissue slides, typically a H&E slide, is
loaded on to the stage and imaged for the user to outline the
annotations. This slide is referred to as reference slide. The
tissue slide to be dissected, thus referred to as milling slide,
is also loaded on the stage and live image captured for tissue
extraction. These meso-dissection systems may further pro-
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vide a software interface for enabling annotation of areas of
interest and manually transferring annotations between the
images of reference and milling slides that correspond to
serially-cut tissue sections, enabling further guidance of the
dissection and generation of an electronic record of the
process.

Although existing meso-dissection systems are more
effective than manual dissection methods and are applicable
for biomarker analysis of anatomical pathology samples,
they are still deficient in the areas of creating the annotations
for milling, as the annotations outlined on reference slide are
mapped to the milling slide through a manually interactive
image alignment and annotation mapping procedure and the
system does not have the capability to transfer annotations
from multiple reference slides resulting in inaccuracies
during scraping off tissue with raw data being corrupted with
other forms of tissue versus only obtaining the tissue from
a biologically specific region, and also not having the
capability to accurately track the biological specimen during
all components of the workflow process from the input
slides to the milled output tissue and any further analysis
thereof.

SUMMARY OF THE SUBIJECT DISCLOSURE

The subject disclosure solves the above-identified prob-
lems by providing systems, computer-implemented meth-
ods, and clinical workflows for meso-dissection of biologi-
cal specimens and tissue slides including importing one or
more reference slides with annotations, using inter-marker
registration algorithms to automatically map the annotations
to an image of a milling slide, and dissecting the annotated
tissue from the selected regions in the milling slide for
analysis, while concurrently tracking the slides, data and
analysis using unique identifiers such as bar codes.

In one exemplary embodiment, the subject disclosure
provides a system or instrument for meso-dissection, includ-
ing a processor, and a memory coupled to the processor, the
memory to store computer-readable instructions that, when
executed by the processor, cause the processor to perform
operations comprising importing a reference image along
with one or more annotations, wherein the reference image
was digitized from a reference slide scanned on a whole-
slide scanner and wherein the annotations were generated
using a whole slide viewer interface coupled to the whole-
slide scanner, and automatically registering said one or more
annotations onto a live capture of a tissue specimen slide to
be milled, wherein tissue is extracted from the tissue speci-
men slide is dissected based on the one or more annotations,
resulting in a milled tissue sample.

In accordance with the embodiment, the operations may
further comprise generating a milling annotation based on
the one or more annotations. The operations may further
comprise importing a plurality of annotated reference
images. The milling annotation may further be generated
based on any combination of a plurality of annotations
corresponding to the plurality of annotated reference
images. The operations may further comprise mapping the
milling annotation back to the annotated reference image.
The registering may use an inter-marker registration when
the reference slide is stained differently from the tissue
specimen slide. The registering may use a same-marker
registration when the reference slide is either stained with
the same stain as the tissue specimen slide, or when the
reference slide is used as the tissue specimen slide. The one
or more annotations may comprise one or more combina-
tions of any geometrical representation depicting one or
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more regions of interest. The reference image may be of a
different resolution than the live capture. The instrument
may further comprise a tracking means for associating the
one or more annotations with the milled tissue sample. The
operations may further comprise associating the one or more
annotations and the milled tissue sample with a biological
specimen. The associating may comprise using a unique
identifier at the specimen level and additionally for each
tissue slide. The operations may further comprise providing
a user interface to invoke automated registration algorithms,
logical manipulation of annotations and adjust the registra-
tion of the one or more annotations on the live image.

In another exemplary embodiment, the subject disclosure
provides a tangible non-transitory computer-readable
medium to store computer-readable code that is executed by
a processor to perform operations comprising generating a
milling annotation for milling a tissue specimen based on a
plurality of reference annotations, and milling the tissue
specimen using the milling annotation, wherein the milling
annotation is generated based on automatic registration of an
annotation generated on an external whole-slide scanner on
to a live capture of the tissue specimen. The tangible
non-transitory computer-readable medium may be used in
the instrument for meso-dissection as described above.

In yet another exemplary embodiment, the subject dis-
closure provides a tangible non-transitory computer-read-
able medium to store computer-readable code that is
executed by a processor to perform operations comprising
automatically registering a plurality of reference annotations
with a live-captured image of a tissue sample to be dissected,
wherein the plurality of reference annotations are imported
from a whole-slide scanner, and generating a milling anno-
tation for dissection of the tissue sample based on the results
of the automatic registration. The tangible non-transitory
computer-readable medium may be used in the instrument
for meso-dissection as described above.

In yet another exemplary embodiment, the subject dis-
closure provides methods performed by said systems. There-
fore, the features disclosed with regard to the systems and
computer-readable mediums are understood to be disclosed
with respect to the method, accordingly.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts the main modules of a workflow for tissue
analysis using meso-dissection, according to an exemplary
embodiment of the subject disclosure.

FIG. 2 depicts a system for automated meso-dissection,
according to an exemplary embodiment of the subject dis-
closure.

FIG. 3 depicts a method for automated meso-dissection,
according to an exemplary embodiment of the subject dis-
closure.

FIGS. 4A-4B depict tissue and information that is tracked
and associated with an electronic patient record (EPR),
according to an exemplary embodiment of the subject dis-
closure.

DETAILED DESCRIPTION OF THE SUBJECT
DISCLOSURE

The subject disclosure provides instruments or systems,
computer-implemented methods, and clinical workflows for
meso-dissection of biological specimens and tissue slides
including importing one or more reference slides with
annotations, using inter-marker registration algorithms to
automatically map the annotations to an image of a milling
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slide, and dissecting the annotated tissue from the selected
regions in the milling slide individually or together for
analysis, while concurrently tracking the data and analysis
using unique identifiers such as bar codes. The tracking is
enabled by electronically associating the annotations per-
formed on the milling slide, with the milled tissue extracted
from the milling slide, and as further described herein.

FIG. 1 depicts the main modules of a workflow 100 for
tissue analysis using meso-dissection. Workflow 100 may
utilize a plurality of subsystems for performing operations
such as a workflow for clinical digital pathology. For
example, workflow 100 may include an imaging subsystem
101 for generating an image of an assay or a plurality of
assays. Imaging subsystem 101 may comprise a digital
microscope or a whole-slide scanner with imaging compo-
nents, and may depend on the type of image being generated.
For instance, the sample may have been stained by means of
application of a staining assay containing one or more
different biomarkers associated with chromogenic stains for
brightfield imaging or fluorophores for fluorescence imag-
ing, with imaging subsystem 101 comprising one or more of
a brightfield RGB camera or other capture mechanism, or a
fluorescence imaging system. Imaging subsystem 101 may
further generate a plurality of images corresponding to serial
sections of a tissue block, such as a biopsy taken with the
intention of diagnosing a cancer, or for some other purpose.
Each serial section may be mounted on an individual slide
and stained with a different combination of stains and
biomarkers, resulting in a plurality of images depicting
adjacent tissue sections. One such image may be a Hema-
toxylin and Eosin (H&E) assay. Imaging subsystem 101 may
also comprise a camera attached to a milling subsystem 105,
as further described herein.

System 100 may further include an annotation subsystem
103 for enabling selections of annotations of portions of
images acquired from imaging subsystem 101, such as areas
or objects of interest. Annotations maybe performed on, for
example, a reference slide image, such as an H&E slide, so
as to indicate areas of interest on the H&E slide for subse-
quent scanning, analysis, or registration operations. Anno-
tations may be performed automatically, i.e. by detecting
regions of interest based on input from a pathologist, such as
by using image analysis operations, or may be enabled by
providing a user interface that depicts one or more images
acquired from imaging subsystem 101 to a pathologist or
other user via a user interface. For example, annotation
subsystem 103 may be integrated with an imaging subsys-
tem 101 to form a digital pathology workstation such as
those commercially available today.

A registration subsystem 105 may be invoked to register
or map these annotations to slides of adjacent tissue sections.
For example, registration subsystem 105 may be invoked to
transfer annotations from a reference slide image, such as an
H&E slide, to an image of a milling slide, for example a live
image of a milling slide captured on a meso-dissection
system, such that areas of interest annotated on the H&E
slide are dissected from the milling slide for further analysis.
Registration operations may include an ability to register or
transfer annotations across assays with different combina-
tions of stains and markers, including the capability to
register an image of any stained slide to an unstained slide.
Such same-marker and inter-marker registration and anno-
tations methods are further described with reference to
commonly-assigned and co-pending EP patent application
W02014140070A2, the contents of which are hereby incor-
porated herein by reference in their entirety. Relevant sec-
tions of the incorporated patent application describe a com-
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puterized image registration process comprising selecting a
first digital image of a first tissue section from a set of digital
images of adjacent tissue sections of a single patient, select-
ing a second digital image of a second tissue section from
the set, matching tissue structure between the first digital
image and the second digital image, and automatically
mapping an annotation drawn on the first digital image to the
second digital image. The first digital image may be derived
from an image obtained using a stain and an imaging mode,
and the second digital image may be derived from an image
obtained using a different stain, a different imaging mode, or
both as compared to the first digital image. The stain may be
chosen from a hematoxylin and eosin stain (‘H&E’ stain), an
immunohistochemistry stain (‘IHC” stain), or a fluorescent
stain. The imaging mode may be chosen from brightfield
microscopy or fluorescent microscopy. A matching tissue
structure may comprise a coarse registration mode compris-
ing: generating a first gray-level tissue foreground image
from the first digital image and generating a second gray-
level tissue foreground image from the second digital image,
computing a first tissue binary edge map from the first
gray-level tissue foreground image and computing a second
tissue binary edge map from the second gray-level tissue
foreground image, computing global transformation param-
eters to align the first binary edge map and the second binary
edge map, and, mapping the first digital image and the
second digital image to a common big grid encompassing
both the first and second digital images based on the global
transformation parameters. Computing global transforma-
tion parameters may further comprise using a moments-
based mapping method to generate an affine mapping
between the first binary edge map and the second binary
edge map. A fine registration mode may be used to refine
alignment of the first digital image and the second digital
image. The fine registration mode comprises: annotating the
first digital image, mapping the annotation on the common
big grid to a corresponding location in the second digital
image, and updating the location using Chamfer-distance
matching based on the binary tissue edge maps. Cropped
versions of the tissue edge binary maps may be used and the
method may further comprise selecting a minimum cost
window which improves matching relative to coarse mode
registration.

Another exemplary registration method performed by
registration subsystem 105 includes a line-based registration
operation, including modeling the boundary regions of tis-
sue samples reflected in the slides with line segments, then
matching sets of line-segment between tissue samples (i.e.
between slide images) to obtain an overall global transfor-
mation, ie. coarse matching. In some embodiments, the
line-based coarse matching approach is able to align images
even in cases of mismatch between images (for example
wear-and-tear effects, Area of Interest mismatches which
can occur when the area of a physical slide picked up by the
scanner for high-resolution scanning varies between adja-
cent sections, rotation up to 180 degrees, and horizontal and
vertical flips), such as when greater than 50% of lines may
be matched between the two images. In further embodi-
ments, an additional finer sub-image registration process
involving normalized, correlation-based, block matching on
gradient magnitude images may be executed to compute
local refinements between globally-aligned images. This
registration method is further described with reference to
commonly-assigned and co-pending U.S. patent application
61/885,024, the contents of which are hereby incorporated
herein by reference in their entirety.
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The registration methods detailed above have the generic
capability to register stained (H&E, IHC etc.) or unstained
slides. Any other registration method may be used so long as
it provides automated mapping of annotations across images
having different stains, including the capability to register
stained to unstained tissue slides, in a manner that enables
precise milling of areas of interest based on annotated
reference slides, or enables registration of stained and
unstained slides. Generally, the subject disclosure also pro-
vides an ability to scan a high-resolution reference slide and
import it into existing meso-dissection systems, thereby
improving the ability to and transfer annotations from high-
resolution reference slides to milling annotations for a
milling slide.

A milling subsystem 107 is used to mill or dissect portions
of a tissue slide based on the above-described annotations.
Exemplary milling subsystems are described in commonly-
assigned and co-pending patent application WO
2012102779A2, the contents of which are hereby incorpo-
rated herein by reference in their entirety. In summary, this
reference discloses devices, systems, and associated meth-
ods for selectively extracting a material from a sample,
wherein in one aspect, for example, a method for selectively
extracting a material, such as a biological material, from a
sample, such as a biological sample can include identifying
a region of material to be extracted from a sample, applying
an extraction tool to the region of material to disrupt material
from the sample, and dispensing a liquid at the region of
material. The method can also include aspirating the liquid
and the disrupted material from the sample.

The milling may be performed using a meso-dissection
system as described herein. The meso-dissection system
may include an object such as a tissue slide attached to a
stage capable of controlled X and Y axis movement (i.e. an
x-y stage) such that it can be driven against a fixed rotating
cutting bit, thereby shaping the object. A plastic mill bit may
simultaneously dispense liquid, cut tissue, and aspirate the
tissue fragments from the surface of the glass slide. Because
tissue is relatively soft compared to glass, a spring pressure
controlled system may be used such that the blade rests on
the slide surface with sufficient downward force to cut
through the tissue but glides across the glass slide. Milling
tissue from glass slides also provides the opportunity to
place a digital microscope or camera below the slide in order
to view the process, direct the dissection, and generate
digital documentation. The milling subsystem 107 may
include software that provides an interface to digitally
indicate AOIs and save dissection reference images.
Whereas prior art meso-dissection systems merely import
dissection reference images in standard formats such as .jpg,
.png, .bmp, etc. to provide an interface for manually guided
alignment of a single reference image to the live view from
a serial tissue section (milling slide) to enable transferring
the areas-of-interest to overlay the live image and guide the
dissection, the subject disclosure provides automated map-
ping of annotations from the images of reference slides to a
live-capture of a milling slide using either same-marker or
inter-marker registration algorithms to enable more precise
dissections. The automated registration and mapping pro-
cess also makes it easily possible to transfer annotations
from multiple reference images. Moreover, incorporating
the annotation and registration operations with the milling
subsystem enables a greater range of tissue slides that may
be dissected, unlike the prior art that is only discloses
dissecting unstained tissue. For example, different types of
stained assays may be subject to meso-dissection using
reference slide annotations, and for each assay, a coverslip
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of the assay may be removed prior to dissection, unlike
existing systems that only dissect tissue from unstained
slides that do not already have coverslips attached.

Finally, analysis subsystem 109 performs analysis on the
milled tissue sections. This can be any type of analysis, such
as molecular (pCR, qTpCR etc.) and/or genetic sequence
analysis for clinical and research purposes. Results of the
analysis may be tracked using tracking mechanisms that link
the annotations with the tissue sample or block that the
reference and milling slides are prepared from, and pre or
post-image analysis and interpretation done on the tissue
slides, milled tissue and milled tissue containers, associating
these with the biological specimen being analyzed, and
adding the analysis results to a database associated with the
biological specimen as further described with reference to
FIG. 4.

FIG. 2 depicts a system 200 for automated meso-dissec-
tion, according to an exemplary embodiment of the subject
disclosure. System 200 comprises a memory 210, which
stores a plurality of processing modules or logical instruc-
tions that are executed by processor 215 coupled to com-
puter 216. An input from an imaging or input module 201
may trigger the execution of one or more of the plurality of
processing modules. Imaging/input module 201 may include
an imaging subsystem such as subsystem 101 described with
reference to FIG. 1, or may include user inputs as well as
inputs supplied over a network from a network server or
database for storage and later retrieval by computer 216.
Besides processor 215 and memory 210, computer 216 also
includes user input and output devices such as a keyboard,
mouse, stylus, and a display/touchscreen. As will be
explained in the following discussion, processor 215
executes logical instructions stored on memory 210, per-
forming importation of reference images and annotations
from imaging/input module 201 using annotation/reference
importing module 211, transfer or map the annotations from
one or more reference images to an image of a tissue section
subject to dissection using registration and mapping module
212, meso-dissection of a milling slide of a tissue sample
based on the annotations using milling module 213, and
perform tracking of every step of the process from impor-
tation of reference information to output of milled tissue into
a labeled container for analysis using tracking module 214.

Data received from imaging/input 201, or “input data”
includes one or more reference images. The reference
images may be scanned at any magnification level specified
by a user, and may depict from any type of biological
feature, such as H&E or any other IHC, ISH, cytology
(urinal, blood smear thin prep, air dried, touch prep, cell
block) CTC, and/or hematology slide of interest. The input
data may also include annotations for the imported images.
The annotations may have been generated on an external
digital pathology workstation prior to being input into
system 200. For example, the annotations may be generated
on a whole-slide image management system such as VIR-
TUOSO® or SCANSCOPE® as a .XML file or annotation
data being imported from a server or from a data storage
from a network server in the form of JSON or a binary data
or any text format compatible with module 211 and 212 and
received by annotation/reference importing module 211.
Annotations may be generated using image analysis algo-
rithms for detecting and/or segmenting objects or areas of
interest within the reference image(s). Annotations may
depict clinically relevant regions such as immune, tumorous
regions or tumor sub-regions where a particular biomarker
expression or group of biomarker expressions is high. The
annotations can be either the complete or sub-regions of
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tumor or any other biologically meaningful non-tumor com-
ponents, such as a lymphatic region, heterogeneous regions,
THC marker sub-type regions, etc. Automated image analy-
sis algorithms may detect desired tissue types such as
tumors, lymphatic regions in H&E slide, etc., or hot spots of
high marker expression in IHC stained slides like any tumor,
immune or vessel markers tumor markers, immune markers,
etc.

Besides reference images and annotations, the input data
received via imaging/input module 201 may include infor-
mation about a target tissue type or object, as well as an
identification of a staining and/or imaging platform. Input
information may further include which and how many
specific antibody molecules bind to certain binding sites or
targets on the tissue, such as a tumor marker or a biomarker
of specific immune cells. Additional information input into
system 200 may include any information related to the
staining platform, including a concentration of chemicals
used in staining, a reaction times for chemicals applied to the
tissue in staining, and/or pre-analytic conditions of the
tissue, such as a tissue age, a fixation method, a duration,
how the sample was embedded, cut, etc.

Annotation/reference importing module 211 receives the
reference images and annotations and prepares them to be
registered and/or mapped to a live image of a milling slide
via registration and mapping module 212. The milling slide
may be a tissue slide that is intended to be dissected. For
example, the annotations may be imported as a . XML file, or
any combination of an XML and image file, enabling the
annotations to be translated to a format that enables mapping
the annotations to the image of the milling slide. The
annotation data may include any geometric information
about polygons, rectangles, circles, or ellipses, free hand
drawings, labelled region masks, and contours of the anno-
tations, including and excluding regions or areas of interest.
Annotations from a plurality of reference images may be
imported, enabling multiple areas of interest to be dissected
from a milling slide. Annotations drawn at different magni-
fications and resolutions may be imported. For instance,
annotations drawn on a high resolution (20x or 40x) image
may be imported to improve the quality of milling. Anno-
tations may further be generated within system 200 itself by,
for instance, using an automated image analysis algorithm as
described above. The annotations on the reference slides can
be either manually generated, automatically generated by
other image analysis algorithms or a mixture of manual and
algorithm generated. Similarly, the annotations sent for
milling on the milling slide can any combination of anno-
tations a) which are mapped from the reference slide, b) user
drawn and c¢) automatically generated by an image analysis
algorithm. Moreover, the ability to input high-resolution
reference slide, its associated annotations, and import them
into the existing meso-dissection system, enables registering
or mapping the imported and any manual or automated edits
done to them on the meso-dissection system annotations to
a live image acquired of a milling slide, thereby generating
milling annotations at a resolution appropriate for the mill-
ing slide.

Tracking module 214 keeps track of any information
associated with the tissue block and tissue slides (like the
patient information from laboratory information systems
(LIMS), clinical or research study information about the
biological specimen, staining platform and staining proto-
cols information, digital scanning information), the
imported reference images and corresponding annotations,
the milling slide image and the specific milling annotations
that are associated with specific milling operations per-
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formed by milling module 213, milled tissue containers that
collect the milled tissue from different annotated regions
individually or together, and molecular and genetic sequence
analysis conducted thereof, either individually or in combi-
nation and associated reports, as further described with
respect to FIG. 4. Prior to milling, registration and mapping
module 212 maps the annotations from each reference slide
to the live image of the milling slide. This automated
registration may use one or more of the inter-marker or
same-marker registration methods described herein and in
the references incorporated above. For instance, a same-
marker registration method is used if the reference and
milling slide are the same slide or of the same stain type.
Importing reference images and annotations eliminates the
need to load a reference slide into an imaging platform of
existing meso-dissection systems. Only the image data and
annotations may be imported from an external system.
Moreover, universal importation of annotations from differ-
ently-stained reference slides enables meso-dissection of not
only unstained tissue slides, but also stained tissue slides,
once the coverslip is removed. In some embodiments of the
subject disclosure, the same tissue that is used as a reference
image may also be used for milling purposes. Additionally,
the ability to import multiple reference images along with
their annotations enables mapping of annotations from mul-
tiple reference images to a single or multiple milling slides
for tissue dissection. For example, given a tissue block from
a patient where multiple individual biomarker slides such as
H&E, ER, PR, HER2, ISH, etc. may be digitized and
annotated individually, any desired combination of these
images and associated annotations can be imported and
automatically registered and mapped to the image of the
milling slide. In addition to mapping annotations from
reference images to milling slide images, registration and
mapping module 212 may provide an interface to fine-tune
or adjust the annotations prior to milling.

Milling module 213 performs dissection on the milling
slides by following the annotations mapped from the refer-
ence image(s) to the live image of the milling slide. The live
image of the milling slide may be captured by another
imaging device (not shown) in communication with milling
module 213. Milling module 213 may further determine the
necessary metrics for milling, including determining an
optimal milling path on the milling slide based on the
annotations, as well as determining a required diameter of
the pipette and optimal volume of liquid to be dispensed for
the tissue intended for dissection. This automated milling
based on milling annotations generated from the registration
and mapping of the reference annotations reduces the burden
of a technician or human operator manually annotating the
milling slide image. Moreover, to enable flexible function-
ality and for different purposes, milling module 213 may
invoke registration/mapping module 212 to map back the
milling annotations (i.e. the regions that are dissected from
the milled slides) to the reference slides. These milled
regions can be clearly indicated and graphically overlaid on
each of the reference images. The mapped milled annota-
tions may be used to assist with selection of additional
regions for tissue analysis or annotation of more regions for
further milling. Such mapping back may be enabled by
storing the milled annotations to memory 210, and retrieving
and registering back to the reference slides already used or
for any other additional set of tissue slides from adjacent
serial sections. The milled annotations are specified on the
live image, thus in the camera coordinate system of the
meso-dissection system, i.e. the same camera used to cap-
ture the live image of the milling slide, in contrast to the
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coordinate system of the camera originally used to generate
the reference images. Any adjustments that are performed to
the milling annotations prior to or during the milling process
may be registered back to the original reference slide(s).
Therefore, the annotation and registration across platforms
is improved. Moreover, the slide being milled may be the
same as the slide used to generate the reference image,
enabling the annotations from milling to be updated back to
the reference image annotations, enabling a more accurate
annotation on the reference image. To map back the milling
annotations from the milled image to each of the reference
images, the automated registration operations described
herein may be invoked. The milled image and the milled
annotations are also part of tracked information.

As described above, the modules include logic that is
executed by processor 105. “Logic,” as used herein and
throughout this disclosure, refers to any information having
the form of instruction signals and/or data that may be
applied to affect the operation of a processor. Software is one
example of such logic. Examples of processors are computer
processors (processing units), microprocessors, digital sig-
nal processors, controllers and microcontrollers, etc. Logic
may be formed from signals stored on a computer-readable
medium such as memory 210 that, in an exemplary embodi-
ment, may be a random access memory (RAM), read-only
memories (ROM), erasable/electrically erasable program-
mable read-only memories (EPROMS/EEPROMS), flash
memories, etc. Logic may also comprise digital and/or
analog hardware circuits, for example, hardware circuits
comprising logical AND, OR, XOR, NAND, NOR, and
other logical operations. Logic may be formed from com-
binations of software and hardware. On a network, logic
may be programmed on a server, or a complex of servers. A
particular logic unit is not limited to a single logical location
on the network. Moreover, the modules need not be executed
in any specific order. Each module may call another module
when needed to be executed.

FIG. 3 depicts a method for automated meso-dissection,
according to an exemplary embodiment of the subject dis-
closure. The method of FIG. 3 may be executed by any
combination of the modules depicted in FIG. 2, or any other
combination of modules. The steps listed in this method
need not be executed in the particular order shown. The
method may begin with an input S301 of any combination
of: a biological question/requested diagnosis by a patholo-
gist, patient or biological specimen information enabling
tracking, and annotated (or non-annotated) reference images
of tissue sections associated with the tissue specimen (tissue
block, patient, xenograft, etc.). The reference images may be
scanned at any magnification level specified by a patholo-
gist, and may depict from any type of biological feature,
such as H&E or any other IHC, ISH, cytology (urinal, blood
smear thin prep, air dried, touch prep, cell block) CTC,
and/or hematology slide of interest. The input data may also
include annotations for the reference images.

Annotations of input reference images are imported
(S302). The annotations may have been generated on an
external digital pathology workstation prior to being
imported. Annotations may be generated using image analy-
sis algorithms for detecting and/or segmenting objects or
areas of interest within the reference image(s). Annotations
may depict clinically relevant regions such as immune or
tumor regions where the particular biomarker expression is
high. The annotations can be either the complete or sub-
regions of tumor or any other biologically meaningful
non-tumor components, such as a lymphatic region, hetero-
geneous regions, IHC marker sub-type regions, etc. Auto-
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mated image analysis algorithms may detect desired tissue
types such as tumors, lymphatic regions in H&E slide, etc.,
or hot spots of high marker expression in IHC stained slides
like any tumor, immune or vessel markers tumor markers,
immune markers, etc. The annotations may be prepared to be
registered and/or mapped to a live image of a milling slide.
For example, the annotations may be imported as a . XML
file, or any combination of an XML and image file, enabling
the annotations to be translated to a format that enables
mapping the annotations to the image of the milling slide.

Annotations from a plurality of reference images may be
imported, enabling multiple areas of interest to be dissected
from a milling slide. For example, the annotations for
milling can be generated from a permutation or combination
of annotations specified on one or multiple reference slides.
The milling annotations may be user-specified, tissue type
specific, and problem specific—i.e. generated to answer a
particular biological question (like tumor heterogeneity,
IHC4, immune scoring, tumor region analysis, peri-tumoral
regional analysis, evaluation of tumor microenvironment,
etc.) in a particular tissue type such as breast cancer, lung
cancer, prostate cancer, colorectal cancer etc. For example,
if co-expression analysis is important, the individual marker
annotations are specified on each of the marker reference
slides. In this case, the milling annotations, to indicate the
specific regions for co-expression analysis, are a logical
intersection of these annotations from multiple individual
slide annotations. Similarly, if the biological interest is an
inclusion of all the annotated regions from all markers, the
milling annotations are a logical union of all the individual
reference slide(s) annotations. For example, for a breast
cancer patient, a typical series of IHC slides includes an
H&E slide, a ER marked slide, a KR and PR marked slide,
a Ki-67 marked slide, and an HER2-marked slide, each one
having separate annotations for the expression of their
respective markers. In the H&E slide, for instance, tumor
and lymphatic regions may be annotated. A pathologist or
biologist may be interested in a region that is ER positive
and PR negative, or where all the markers are PR positive
and Ki-67 negative, or any logical combination of regions
for analysis. Multiple combinations of these constraints may
be specified in order to automatically generate milling
annotations. In another example, given an H&E slide asso-
ciated with a tissue block, an adjacent serial section of a
BRAFV600E-stained IHC slide, and an adjacent serial sec-
tion PTEN-stained IHC slide, and a biological question to
identify regional areas where there is expression of
BRAFV600E and no expression of PTEN, the method can
respectively identify the BRAFV600E-expressing regions
(from the BRAFVG600E slide) and PTEN non-expressing
regions (from the PTEN slide), and identify regions where
these areas overlap on the H&E slide. A resultant milling
annotation would include these overlapping areas to be
meso-dissected on the H&E slide. Any combinations of
tumor markers or a combination of expressions (such as
positive/negative) may be specified to further understand the
tumor environment of the tissue specimen. Thus, as dictated
by the underlying biological problem, several logical per-
mutations and combinations of annotations can be used to
construct the set of milling annotations. The milling anno-
tations are the ones that get used by a milling system to
extract the tissue from each of the milling slides into the
specified tissue containers as further described herein. More-
over, annotations drawn at a higher magnification levels
imported with the reference slides and used to generate the
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milling annotations ensure that a higher-quality milling
operation is performed with minimal corruption of raw data
(milled tissue) for analysis.

A milling slide is set up on a milling stage or platform, and
imaged (S303) using a camera 314 coupled to the milling
stage or platform. The milling image is typically a live
capture. The milling slide may be any tissue slide, either
unstained, or stained, and may be the same as the tissue slide
used to generate one or more of the reference images.
Annotations imported in step S302 may be registered (S304)
and mapped to the live image of the milling slide. This
automated registration may use one or more of the inter-
marker or same-marker registration methods described
herein and in the references incorporated above. For
instance, a same-marker registration method is used if the
reference and milling slide are the same slide or of the same
stain type. Moreover, universal importation of annotations
from differently-stained reference slides enables meso-dis-
section of not only unstained tissue slides, but also stained
tissue slides, once the coverslip is removed. In some
embodiments of the subject disclosure, the same tissue that
is used as a reference image may also be used for milling
purposes. Additionally, the ability to import multiple refer-
ence images along with their annotations enables mapping
of annotations from multiple reference images to a single or
multiple milling slides for tissue dissection. For example,
given a tissue block from a patient where multiple individual
biomarker slides such as H&E, ER, PR, HER2, ISH, etc.
may be digitized and annotated individually, any desired
combination of these images and associated annotations can
be imported and automatically registered and mapped to the
image of the milling slide. In addition to mapping annota-
tions from reference images to milling slide images, an
interface may be provided to fine-tune or adjust the anno-
tations prior to milling.

A container may be prepared (S305) to receive the milled
tissue from the milling operation. The container may be
labeled with an identifier unique to a record of the biological
specimen under diagnosis, enabling tracking of the milled
tissue along with association of the milled tissue with the
particular annotation and reference slide. This ensures that
each imported reference image and annotation is properly
associated with specific milling operations and resulting
milled tissue, all of which may be associated with an
electronic patient record. The milling slide may be dissected
(S306) based on the milling annotations, using metrics such
as an optimal milling path on the milling slide or a required
diameter of the pipette and optimal volume of liquid to be
dispensed for the tissue intended for dissection, based on the
milling annotations. As described above, several logical
permutations and combinations of input annotations can be
used to construct the set of milling annotations that are used
by milling operation (S306) to drill and extract the tissue
from the milling slide into the specified tissue container or
a set a tissue containers. The dissected tissue may be milled
into the particular container labeled in association with the
particular annotation to ensure proper tracking of the tissue
and the associated analysis thereof.

Any combination of milling operations performed on the
milling slide may be converted into annotations and mapped
back (S307) into one or more of the reference slides. For
example, an annotation from a first reference slide may be
used to mill the milling slide, and the same annotation may
be mapped back to a second reference slide, or to the same
reference slide. Combinations of annotations from multiple
reference slides may be milled and subsequently mapped
back to a single reference slide. The updated reference slide



US 11,181,449 B2

13

annotations may be used to assist with selection of addi-
tional regions for tissue analysis or annotation of more
regions for further milling. Such mapping back may be
enabled by tracking and storing the milled annotations and
retrieving and registering back to the reference slides
already used or for any other additional set of tissue slides
from adjacent serial sections. The method ends (S309) by
unloading the tracked container with the milled tissue.

FIG. 4A depicts information that is tracked and associated
with an electronic patient record (EPR), according to an
exemplary embodiment of the subject disclosure. As
described herein, patient data and information may be
tracked by bar-coding (or using an equivalent unique label-
ing system) every component of the above-described work-
flows and recording them in an EPR 440. For example, a
reference slide and its corresponding annotations 441 is
associated with EPR 440. The milling slide 442 that corre-
sponds to the same serial section as the reference slide 441
is also associated with EPR 440. Importantly, the container
443 that is used to receive the milled tissue from milling
slide 442 is tracked using the same bar code or as associated
set of bar codes, and any resulting analysis data 444 of the
milled tissue is also tracked with the same bar code. There-
fore, a single EPR 440 maintains all analytic and process
information that is enhanced using the accurate annotation
registering and milling operations described herein. FIG. 4B
depicts a barcoded container of extracted or dissected tissue
sample. Although barcodes are described herein, other meth-
ods for tracking and/or tagging may be used, such as RFID,
etc.

The disclosed operations therefore mitigate tedious
manual transcription of annotations on existing milling
systems, while avoiding errors based on mixing up or
corrupting tissue-specific analysis data, therefore making the
overall system robustly operational in a high-volume usage
in pre-clinical and clinical settings and in drug discovery and
drug development experimental studies. Moreover, besides
medical applications such as anatomical or clinical pathol-
ogy, prostrate/lung cancer diagnosis, etc., the same methods
may be performed to analysis other types of samples such as
remote sensing of geologic or astronomical data, etc. The
operations disclosed herein may be ported into a hardware
graphics processing unit (GPU), enabling a multi-threaded
parallel implementation.

Computers typically include known components, such as
a processor, an operating system, system memory, memory
storage devices, input-output controllers, input-output
devices, and display devices. It will also be understood by
those of ordinary skill in the relevant art that there are many
possible configurations and components of a computer and
may also include cache memory, a data backup unit, and
many other devices. Examples of input devices include a
keyboard, a cursor control devices (e.g., a mouse), a micro-
phone, a scanner, and so forth. Examples of output devices
include a display device (e.g., a monitor or projector),
speakers, a printer, a network card, and so forth. Display
devices may include display devices that provide visual
information, this information typically may be logically
and/or physically organized as an array of pixels. An inter-
face controller may also be included that may comprise any
of a variety of known or future software programs for
providing input and output interfaces. For example, inter-
faces may include what are generally referred to as “Graphi-
cal User Interfaces” (often referred to as GUI’s) that provide
one or more graphical representations to a user. Interfaces
are typically enabled to accept user inputs using means of
selection or input known to those of ordinary skill in the
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related art. The interface may also be a touch screen device.
In the same or alternative embodiments, applications on a
computer may employ an interface that includes what are
referred to as “command line interfaces™ (often referred to as
CLI’s). CLI’s typically provide a text based interaction
between an application and a user. Typically, command line
interfaces present output and receive input as lines of text
through display devices. For example, some implementa-
tions may include what are referred to as a “shell” such as
Unix Shells known to those of ordinary skill in the related
art, or Microsoft Windows Powershell that employs object-
oriented type programming architectures such as the
Microsoft NET framework.

Those of ordinary skill in the related art will appreciate
that interfaces may include one or more GUI’s, CLI’s or a
combination thereof. A processor may include a commer-
cially available processor such as a Celeron, Core, or
Pentium processor made by Intel Corporation, a SPARC
processor made by Sun Microsystems, an Athlon, Sempron,
Phenom, or Opteron processor made by AMD Corporation,
or it may be one of other processors that are or will become
available. Some embodiments of a processor may include
what is referred to as multi-core processor and/or be enabled
to employ parallel processing technology in a single or
multi-core configuration. For example, a multi-core archi-
tecture typically comprises two or more processor “execu-
tion cores.” In the present example, each execution core may
perform as an independent processor that enables parallel
execution of multiple threads. In addition, those of ordinary
skill in the related will appreciate that a processor may be
configured in what is generally referred to as 32 or 64 bit
architectures, or other architectural configurations now
known or that may be developed in the future.

A processor typically executes an operating system,
which may be, for example, a Windows type operating
system from the Microsoft Corporation; the Mac OS X
operating system from Apple Computer Corp.; a Unix or
Linux-type operating system available from many vendors
or what is referred to as an open source; another or a future
operating system; or some combination thereof. An operat-
ing system interfaces with firmware and hardware in a
well-known manner, and facilitates the processor in coordi-
nating and executing the functions of various computer
programs that may be written in a variety of programming
languages. An operating system, typically in cooperation
with a processor, coordinates and executes functions of the
other components of a computer. An operating system also
provides scheduling, input-output control, file and data
management, memory management, and communication
control and related services, all in accordance with known
techniques.

System memory may include any of a variety of known or
future memory storage devices that can be used to store the
desired information and that can be accessed by a computer.
Computer readable storage media may include volatile and
non-volatile, removable and non-removable media imple-
mented in any method or technology for storage of infor-
mation such as computer readable instructions, data struc-
tures, program modules, or other data. Examples include any
commonly available random access memory (RAM), read-
only memory (ROM), electronically erasable programmable
read-only memory (EEPROM), digital versatile disks
(DVD), magnetic medium, such as a resident hard disk or
tape, an optical medium such as a read and write compact
disc, or other memory storage device. Memory storage
devices may include any of a variety of known or future
devices, including a compact disk drive, a tape drive, a
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removable hard disk drive, USB or flash drive, or a diskette
drive. Such types of memory storage devices typically read
from, and/or write to, a program storage medium such as,
respectively, a compact disk, magnetic tape, removable hard
disk, USB or flash drive, or floppy diskette. Any of these
program storage media, or others now in use or that may
later be developed, may be considered a computer program
product. As will be appreciated, these program storage
media typically store a computer software program and/or
data. Computer software programs, also called computer
control logic, typically are stored in system memory and/or
the program storage device used in conjunction with
memory storage device. In some embodiments, a computer
program product is described comprising a computer usable
medium having control logic (computer software program,
including program code) stored therein. The control logic,
when executed by a processor, causes the processor to
perform functions described herein. In other embodiments,
some functions are implemented primarily in hardware
using, for example, a hardware state machine. Implementa-
tion of the hardware state machine so as to perform the
functions described herein will be apparent to those skilled
in the relevant arts. Input-output controllers could include
any of a variety of known devices for accepting and pro-
cessing information from a user, whether a human or a
machine, whether local or remote. Such devices include, for
example, modem cards, wireless cards, network interface
cards, sound cards, or other types of controllers for any of a
variety of known input devices. Output controllers could
include controllers for any of a variety of known display
devices for presenting information to a user, whether a
human or a machine, whether local or remote. In the
presently described embodiment, the functional elements of
a computer communicate with each other via a system bus.
Some embodiments of a computer may communicate with
some functional elements using network or other types of
remote communications. As will be evident to those skilled
in the relevant art, an instrument control and/or a data
processing application, if implemented in software, may be
loaded into and executed from system memory and/or a
memory storage device. All or portions of the instrument
control and/or data processing applications may also reside
in a read-only memory or similar device of the memory
storage device, such devices not requiring that the instru-
ment control and/or data processing applications first be
loaded through input-output controllers. It will be under-
stood by those skilled in the relevant art that the instrument
control and/or data processing applications, or portions of it,
may be loaded by a processor, in a known manner into
system memory, or cache memory, or both, as advantageous
for execution. Also, a computer may include one or more
library files, experiment data files, and an internet client
stored in system memory. For example, experiment data
could include data related to one or more experiments or
assays, such as detected signal values, or other values
associated with one or more sequencing by synthesis (SBS)
experiments or processes. Additionally, an internet client
may include an application enabled to access a remote
service on another computer using a network and may for
instance comprise what are generally referred to as “Web
Browsers.” In the present example, some commonly
employed web browsers include Microsoft Internet Explorer
available from Microsoft Corporation, Mozilla Firefox from
the Mozilla Corporation, Safari from Apple Computer
Corp., Google Chrome from the Google Corporation, or
other type of web browser currently known in the art or to
be developed in the future. Also, in the same or other
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embodiments an internet client may include, or could be an
element of, specialized software applications enabled to
access remote information via a network such as a data
processing application for biological applications.

A network may include one or more of the many various
types of networks well known to those of ordinary skill in
the art. For example, a network may include a local or wide
area network that may employ what is commonly referred to
as a TCP/IP protocol suite to communicate. A network may
include a network comprising a worldwide system of inter-
connected computer networks that is commonly referred to
as the internet, or could also include various intranet archi-
tectures. Those of ordinary skill in the related arts will also
appreciate that some users in networked environments may
prefer to employ what are generally referred to as “firewalls”
(also sometimes referred to as Packet Filters, or Border
Protection Devices) to control information traffic to and
from hardware and/or software systems. For example, fire-
walls may comprise hardware or software elements or some
combination thereof and are typically designed to enforce
security policies put in place by users, such as for instance
network administrators, etc.

In one embodiment, disclosed is a tangible non-transitory
computer-readable medium to store computer-readable code
that is executed by a processor to perform operations com-
prising: automatically registering a plurality of reference
annotations with a live-captured image of a tissue sample to
be dissected, wherein the plurality of reference annotations
are imported from a whole-slide scanner; and generating a
milling annotation for dissection of the tissue sample based
on the results of the automatic registration.

In another embodiment, disclosed is a computer-imple-
mented method for meso-dissection comprising the steps:
importing a reference image along with one or more anno-
tations, wherein the reference image was digitized from a
reference slide scanned on a whole-slide scanner and
wherein the annotations were generated using a whole slide
viewer interface coupled to the whole-slide scanner; and
automatically registering said one or more annotations onto
a live capture of a tissue specimen slide to be milled;
wherein tissue is extracted from the tissue specimen slide is
dissected based on the one or more annotations, resulting in
a milled tissue sample.

In yet another embodiment, disclosed is a computer-
implemented method for meso-dissection comprising the
steps: automatically registering a plurality of reference
annotations with a live-captured image of a tissue sample to
be dissected, wherein the plurality of reference annotations
are imported from a whole-slide scanner; and generating a
milling annotation for dissection of the tissue sample based
on the results of the automatic registration.

What is claimed is:

1. An instrument for meso-dissection, comprising:

a processor; and

a memory coupled to the processor, the memory to store

computer-readable instructions that, when executed by
the processor, cause the processor to perform opera-
tions comprising:

obtaining a plurality of reference annotations derived

from two or more reference slides, wherein the two or
more reference slides are each stained for the presence
of a different protein or nucleic acid biomarker;
identifying, from among the plurality of reference anno-
tations, one or more areas of overlapping reference
annotations between the two more reference slides; and
dissecting one or more portions of tissue from a tissue
specimen disposed on a milling slide based on the one
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or more overlapping reference annotations, wherein the
two or more reference slides and the milling slides each
correspond to different serial sections derived from a
single tissue block.
2. The instrument of claim 1, wherein the operations 5
further comprise automatically registering the identified one
or more areas of overlapping reference annotations to the
milling slide.
3. The instrument of claim 2, wherein the automatic
registration comprises using an inter-marker registration 10
algorithm.

18



